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© An apparatus for use as a catheter guidewire 
and a method for making a catheter guidewire. The 
apparatus comprises an elongate non-coiled wire 
having a proximal portion (11), a distal tip (12) and a 
flexible portion (13) located between the proximal 
portion and the distal tip having axially spaced 


grooves (14) cut therein. The method for making the 
guidewire includes burnishing one end of a wire to 
create a rounded distal tip and cutting a predeter- 
mined pattern of axially spaced grooves in a length 
of wire adjacent to the distal tip to create a flexible 
portion. 
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Field of Invention 

The present invention relates to a catheter 
guidewire and, more particularly, to a guidewire 
with a flexible tip that is made as a single part. 

Background of Invention 

Catheters are often used for diagnostic or 
therapeutic procedures that require the insertion of 
a catheter into the circulatory system to reach a 
predetermined site such as an artery near the 
heart. The catheter is positioned at the desired site 
by alternately advancing a guidewire ahead of the 
catheter from a body access site, through the cir- 
culatory system until reaching the desired site. The 
path that the guidewire and catheter must follow is 
tortuous. 

The catheter and guidewire must be quite flexi- 
ble in order to follow the tortuous path to the 
desired site. However, because these guidewires 
are advanced through the circulatory system by 
applying a torque to the proximal end of the 
guidewire which is located at an external site, the 
guidewire must have sufficient column strength to 
allow the distal end of the guidewire to be manipu- 
lated from the external access site, which can be 
more than 150 centimeters from the distal end. 

Current catheter guidewire designs attempt to 
meet these requirements by incorporating a ta- 
pered distal end region to increase the flexibility of 
the guidewire's distal end. Unfortunately, this re- 
duces the column strength of the distal end. To 
remedy this problem, a wire coil is brazed or 
soldered onto the tapered section of the wire to 
increase the column strength of the tapered wire 
section without losing the flexibility. Guidewires of 
this type are disclosed in United States Patent Nos. 
4,538,622, 4,545,390, 4,582,181 and 4,846,186. 

Unfortunately, this type of guidewire construc- 
tion requires many manufacturing steps including 
the tapering of the guidewire, the forming of the 
wire coil, cutting the coil to the desired length and 
fastening the coil to the distal end section of the 
guidewire. This method of construction is not only 
time consuming and costly to manufacture, but it 
also presents the danger of having the coil sepa- 
rate from the wire while it is in the patient. 

One attempt to eliminate the drawbacks of the 
current designs was to enclose the tapered distal 
end section in a polymer sleeve as described in 
U.S. Patent No. 5,035,915. The addition of the 
polymeric sleeve is used to increase column 
strength of the tapered distal end of the catheter 
guidewire without using a coil. Axially spaced 
grooves are then cut into the polymeric sleeve to 
increase the bending flexibility of the sleeve. Un- 
fortunately, this method also requires the use of 


multiple manufacturing steps and parts to form the 
guidewire. In addition, there is the potential danger 
of having the polymeric sleeve separating from the 
wire within a vessel of the patient. Moreover, be- 

5 cause the distal end of the wire is tapered, the 
strength of the distal end is reduced. 

Therefore, there arises a need for a catheter 
guidewire that is made from a single piece having 
a flexible distal tip to allow the guidewire to follow 

io the tortuous path and having a sufficient column 
strength to allow manipulation of the catheter 
guidewire from an external access site. 

Summary of Invention 

15 

The invention is for an apparatus for use as a 
catheter guidewire and a method for making a 
catheter guidewire. The invention includes an elon- 
gate non-coiled wire having a proximal portion, a 

20 distal tip and a flexible portion having axially 
spaced grooves cut therein located between the 
proximal portion and the distal tip. The grooves are 
cut in a predetermined pattern that will increase the 
flexibility of the distal end of the guidewire. How- 

25 ever, because the guidewire is made from a single 
piece, the column strength of the flexible portion 
can be maintained. In addition, because the 
present invention is made from a single piece, the 
danger of having portions of the guidewire separate 

30 within a vessel of the patient is eliminated. 

The process for making a guidewire according 
to the invention would include the steps of burnish- 
ing one end of the wire to create a rounded distal 
tip and cutting a predetermined pattern of axially 

35 spaced grooves in a predetermined length of wire 
adjacent to the distal tip to create a flexible portion. 
The guidewire would then be coated with a thin 
polymer coating such as teflon or hydrogels for 
slipperiness. The present invention, eliminates the 

40 additional parts and many of the manufacturing 
steps that are related to the prior references, there- 
fore, reducing the cost of the guidewire. The 
present invention could also be made using com- 
puter guided tooling to further reduce the cost of 

45 producing the guidewire and increasing the ease of 
its manufacture. 

The present invention is further explained 
hereinafter with more particularly in reference to 
the preferred embodiment shown in the following 

so drawings. 

Brief Description of the Drawings 

FIG. 1 is a diagrammatical view showing a blood 
55 vessel that has been occluded with deposits 
along the inner wall and showing positioning of a 
flexible guidewire and catheter within the vessel; 
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FIG. 2 is an elevational view of the preferred 
embodiment of the invention with portions 
broken away; 

FIG. 3 is a cross-sectional view of a portion of 
FIG. 2; 

FIG. 4 is a cross-sectional view of a portion of 
FIG. 2; 

FIG. 5 is an elevational view of an alternative 
embodiment of FIG. 2 with portions broken 
away; 

FIG. 6 is a cross-sectional view of a portion of 
FIG. 5; 

FIG. 7 is an elevational view of a second em- 
bodiment of the invention with portions broken 
away; and 

FIG. 8 is an elevational view of a third embodi- 
ment of the invention with portions broken away. 

Detailed Description of the Preferred Embodi- 
ment 

As illustrated in FIG. 1, a small diameter 
guidewire 10 can be used for routing a catheter 20, 
such as a balloon catheter 22, through a patient's 
cardiovascular system to a region having occlu- 
sions 23 which have restricted blood flow through a 
blood vessel 21. The guidewire 10 will have a 
length sufficient to be routed from an entry point, 
through the patient's circulatory system to the ob- 
structed blood vessel 21 region. The length of 
these guidewires 10 can typically range from 175 
centimeters to 300 centimeters and generally have 
outer diameters from 10-18 mils (thousandths of an 
inch). As the guidewire 10 is inserted along the 
circulatory system, a catheter 20 with a center 
passageway or lumen having a sufficient diameter 
to accommodate the guidewire 10 is then slid over 
the guidewire 10. The guidewire 10 and catheter 20 
are then alternately advanced through the circula- 
tory system until reaching the desired location. The 
physician conducting the procedure monitors the 
progress of the guidewire 10 on an X-ray viewing 
screen. 

Guidewires 10 are also used for peripheral use, 
i.e. for accessing locations other than coronary 
arteries. These guidewires 10 have characteristics 
similar to guidewires 10 for coronary use, but they 
typically have lengths from 80 centimeters to 400 
centimeters and outer diameters from 10-65 mils, 
however, more typically 25-38 mils. Those skilled 
in the art would recognize that, except for size, the 
operation of and characteristics of coronary * and 
peripheral use guidewires are very similar. There- 
fore, the following discussion is limited to 
guidewires 10 for coronary use with the under- 
standing that the following discussion is also ap- 
plicable to guidewires 10 for peripheral uses. 


The distal end of the guidewire 10 is flexible 
and can be formed in a predetermined shape to 
facilitate routing the guidewire 10 through the cir- 
culatory system to the obstructed blood vessel 21 . 

5 The attending physician advances the guidewire 10 
through the circulatory system by applying torques 
to the proximal end of the guidewire 10. These 
torques are transmitted along the length of the 
guidewire 10 and reorient the distal end to point in 

io the desired direction. 

As shown in FIGS. 2 through 4, the guidewire 
10 has a proximal portion 11, a distal tip 12, and 
flexible portion 13. As stated earlier, a guidewire 10 
for coronary uses would have an outer diameter 

15 from 10-18 mils (thousandths of an inch). In the 
preferred embodiment, the guidewire 10 would be 
made from a kink resistant material such as nitinol. 
Nitinol is preferred because of its superelasticity 
characteristics. This superelasticity characteristic 

20 resists kinking, thereby enabling the guidewire 10 
to bend around sharp radius turns without becom- 
ing permanently deformed. Nitinol also has greater 
torquability than conventionally used materials, 
thereby increasing the steerability of the guidewire 

25 10. However, those skilled in the art would recog- 
nize that other materials, such as stainless steel or 
the like, could be used with the invention. 

The distal tip 12 is located at one end of the 
guidewire 10 and has a semi-spherical shape. In 

30 the preferred embodiment, the distal tip 12 would 
have a diameter of at least 10 mils to prevent the 
distal tip 12 from damaging the vessel 21. A distal 
tip 12 with a diameter less than 10 mils could act 
like a spear to damage or puncture the vessel 21. 

35 The distal tip 12 would also be plated with a radio 
opaque material, such as gold, to enable the practi- 
tioner to view the distal tip 12 on an X-ray viewing 
screen. In the preferred embodiment, the distal tip 
12 could be plated with 0.2 - 0.5 mils of gold. 

40 The flexible portion 13 would have a first end 

adjacent to the proximal portion 1 1 and a second 
end adjacent to the distal end 12 and would con- 
tain a predetermined pattern of axially spaced 
grooves 14. In the preferred embodiment, as 

45 shown in FIGS. 2-4, non-circumferential grooves 14 
would be cut into the flexible portion 13 from 
oppositely displaced directions along a plane ex- 
tending through a cross-section of the flexible por- 
tion 13. The grooves 14 would also be cut such 

so that adjacent grooves 14 would be cut from direc- 
tions that are offset by 90 degrees. Those skilled in 
the art would- recognize that adjacent grooves 14 
could be offset by other angles, such as 30 de- 
grees as illustrated in FIGS. 5 and 6, and that 

55 grooves 14 could be cut along multiple axes. 

In addition, as illustrated in FIGS. 3 and 4, the 
grooves 14 located adjacent to the first end of the 
flexible portion 1 3 would have a depth less than the 
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grooves 14 located adjacent to the distal tip 12. By 
increasing the depth of the grooves 14 near the 
distal tip, the flexibility of the flexible portion 13 
nearest the distal lip 12 is increased. While FIG. 2 
illustrates a pattern of grooves 14 cut with slightly 
increasing depths to create a smooth tapered core 
16 in the flexible portion 13, those skilled in the art 
would recognize that the grooves 14 could be cut 
to create a flexible portion 13 with a stepped ta- 
pered core 16. 

In the preferred embodiment, the flexible por- 
tion 13 would have a length between 5-30 cm, 
more preferably 20-25 cm, and the width of the 
grooves 14 and spaces between the grooves 14 
would be between 5-10 mils. To preserve the col- 
umn strength of the flexible portion 13, the depth of 
the grooves 14 would be restricted such that the 
minimum thickness of the core 16 in the flexible 
portion 13 would be between 3 and 5 mils. 

As shown in FIG. 7, a second embodiment of 
the invention would include a tapered portion 15 
between the proximal portion 1 1 and the flexible 
portion 13. The tapered portion 15 would be used 
to reduce the diameter of the proximal portion 11 
to a diameter of no less than 10 mils. The outer 
diameter of the flexible portion 13 and distal tip 12 
would then be maintained at approximately 10 mils 
for the reasons stated previously. The flexible por- 
tion 13 and distal tip 12 could then be arranged 
and configured according to the previously dis- 
closed preferred embodiment. 

As shown in FIG. 8, a third embodiment of the 
invention would contain a flexible portion 13 having 
helical grooves 14 cut therein. These helical 
grooves 14 could be of a uniform depth or of an 
increasing depth when moving toward the distal tip 
12. The width of the grooves 14 is preferably 
between 5 and 10 mils and the width of the spac- 
ing between the grooves 14 is preferably between 
5 and 20 mils. Those skilled in the art would 
recognize that this embodiment could also incor- 
porate a tapered portion 15 as disclosed in the 
second embodiment. Those skilled in the art would 
also recognize that other groove patterns could be 
utilized with the present invention, such as circum- 
ferential grooves 14 cut to a uniform depth or to 
increasing depth when moving toward the distal tip 
12 or any other pattern that would increase the 
flexibility of the flexible portion 13. 

The preferred method for making a guidewire 
10 according to the invention would begin by ob- 
taining a kink resistant wire of the desired length 
with a diameter between 10 and 18 mils. One end 
of the wire would then be burnished or ground to 
form a rounded distal tip 12. If a tapered portion - 
15, as disclosed in the second embodiment was 
desired, the diameter of the distal tip 12 and diam- 
eter of the length of wire for the flexible portion 13 
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would be ground to a diameter not less than 10 
mils. A gradual taper would then be ground be- 
tween the first end of the flexible portion 13 and 
the outer diameter of the remaining proximal por- 
5 tion 11. 

A predetermined pattern of grooves 14 would 
- then be cut into the flexible portion 13 by any 
suitable machining method, such as grinding, elec- 
trostatic discharge machining (EDM), lasers or the 

w like. However, the preferred method for cutting the 
grooves 14 would be to use a computer guided 
EDM machine, and even more preferably, a com- 
puter guided plunge EDM machine. As recognized 
by those skilled in the art, a plunge EDM machine 

75 utilizes charged electrodes that are arranged and 
configured to cut a predetermined shape into a 
base material. 

To cut the grooves 14 using the plunge EDM 
machine, the distal tip 12 and the proximal portion 

20 11 of the guidewire 10 would be fastened to a 
holding device such that the flexible portion 13 is 
positioned between one or more pairs of oppositely 
disposed electrodes at the desired location for cut- 
ting a groove 14. Each pair of oppositely disposed 

25 electrodes would have a configuration designed to 
cut a desired groove shape and depth. One elec- 
trode from each pair would be plunged into the 
guidewire 10 to cut a portion of the groove 14. The 
electrode would be removed and then the oppo- 

30 sitely disposed electrode would be plunged into the 
guidewire to complete the groove 14. Those skilled 
in the art would recognize that a series of electrode 
pairs could be disposed along the length of the 
flexible portion 13, each being configured to cut a 

35 particular groove shape at a particular location. 
Such a system could permit the cutting of all of the 
grooves 14 for a flexible portion 13 in a two-step 
process, enabling the improved guidewires 10 to 
be manufactured in a high speed, reliable and 

40 repeatable manner. 

Those skilled in the art would also recognize 
that a wire EDM machine could also be used. A 
wire EDM machine is similar to the plunge EDM 
machine except that electrically charged wires are 

45 used instead of electrodes. Like the previous dis- 
cussion, cutting the grooves 14 with a wire EDM 
machine would begin by fastening the guidewire 10 
in a holding device and positioning the guidewire 
10 at the desired location for cutting a groove 14. 

so The EDM wires would then be moved inward to cut 
the desired groove 14. The EDM wires would then 
translate outward beyond the outer diameter of the 
guidewire 10. The holding device would then rotate 
and/or translate the guidewire 10 to the desired 

55 position for cutting another set of grooves 14. The 
EDM wires would then be moved inward to cut the 
next set of grooves 14. This procedure would be 
repeated throughout the length of the desired flexi- 
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ble portion to cut the desired grooves 14. Those 
skilled in the art would recognize that multiple 
holding devices and/or multiple EDM wires could 
be used lo simultaneously cul multiple grooves 14 
into multiple guidewires 10. 

The distal lip 12 would then be plated with gold 
by an electroplating process, sputtering or any 
other plating method. The guidewire 10 would then 
be coated with a polymer, preferably polyurethane 
or teflon, to encase the guidewire 10 within a 
plastic jacket to increase its mobility within a vessel 
21. The polymer coating could be applied in one of 
any well-known methods, such as dip coating, heat 
shrinking, spray depositing, or vapor depositing the 
polymer material to the guidewire 10. The 
guidewire 10 would then be dip coated into a 
hydrogel and solvent solution to further increase 
the mobility of the guidewire 10 within the patient. 
Those skilled in the art would recognize that the 
guidewire 10 could be coated with other materials, 
such as polyethylene or other polymers or drug 
impregnated coatings, to improve its mobility within 
the patient. 

Although characteristics and advantages, to- 
gether with details for structure, materials, function 
and process steps, have been described in refer- 
ence to a preferred embodiment herein, it is under- 
stood that the disclosure is illustrative. To that 
degree, various changes made especially to mat- 
ters of shape, size and arrangement, to the full 
extent extended by the general meaning of the 
terms in which the appended claims are expressed, 
are within the principles of the present invention. 

Claims 

1. A guidewire with a flexible distal end for use 
with catheters or the like comprising: 

an elongate non-coiled wire having a proxi- 
mal portion, a distal tip and a flexible portion 
with axial spaced grooves having a first end 
that is generally located adjacent to the proxi- 
mal portion and a second end generally lo- 
cated adjacent to the distal tip. 

2. A guidewire according to claim 1 , wherein the 
guidewire is made of a kink-resistant material. 

3. A guidewire according to claim 1, wherein the 
grooves in the flexible portion increase in 
depth from the first end to the second end to 
create a tapered core in the flexible portion. 

4. A guidewire according to claim 3, wherein the 
core of the flexible portion has a gradual taper. 

5. A guidewire according to claim 1 , wherein the 
guidewire further comprises coating means to 


increase the mobility of the guidewire. 

6. A guidewire according to claim 5, wherein the 
coating means is a hydrogel coating. 

5 

7. A guidewire according to claim 1 , wherein the 
grooves are non-circumferential. 

8. A guidewire according to claim 7, wherein ad- 
70 jacent non-circumferential grooves are offset 

by 90 degrees. 

9. A guidewire according to claim 1, wherein the 
guidewire further comprises a tapered portion 

75 having a first end adjacent to the proximal 

portion with a diameter equal to the proximal 
portion and a second end adjacent to the flexi- 
ble portion with a smaller diameter than the 
first end that is equal to the diameter of the 

20 .flexible portion. 

10. A guidewire according to claim 1, wherein the 
distal tip is plated with a radiopaque material. 

25 11. A guidewire with a flexible distal end for use 
with catheters or the like comprising: 

a. an elongate non-coiled wire having a 
proximal portion, a distal tip having a round- 
ed end and a flexible portion generally lo- 

30 cated between the proximal portion and dis- 

tal tip having axial spaced grooves that are 
arranged and configured to create a flexible 
portion with a core that tapers inward to- 
ward the distal tip: and 

35 b. coating means to increase the mobility of 

the guidewire in the body. 

12. A guidewire according to claim 1 1, wherein the 
coating means is a polyethylene coating ap- 

40 plied to the guidewire which is covered with a 

hydrogel coating. 

13. A process for making a guidewire with a flexi- 
ble distal end for use with catheters or the like 

45 comprising the steps of: 

a. burnishing one end of a wire made of a 
kink resistant material to create a rounded 
distal tip; and 

b. cutting a predetermined pattern of axially 
so spaced grooves in a predetermined length 

of wire adjacent to the distal tip to create a 
-flexible portion with -first and- second-^ rids,- 
wherein the second end is adjacent to the 
distal tip and the first end is adjacent to a 
55 proximal portion of the guidewire. 

14. A process for making a guidewire according to 
claim 13 wherein, the grooves are cut using an 
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electrostatic discharge machining tool. 

15. A process for making a guidewire according to 
claim 13, wherein the length of the flexible 
portion having the axially spaced grooves is 5 
between 5 and 30 cm. 

16. A process for making a guidewire according to 
claim 13, wherein the grooves are cut to be 
non-circumferential with adjacent grooves off- io 
set by 90 degrees. 

17. A process for making a guidewire according to 
claim 13, wherein the grooves are cut with 
increasing depths when moving from the first 75 
end of the flexible portion to the second end of 

the flexible portion. 

18. A process for making a guidewire according to 
claim 13, wherein the process further com- 20 
prises the step of grinding the flexible portion 

to create a flexible portion with a diameter less 
than the diameter of the proximal portion; and 
grinding a tapered portion from the first end of 
the flexible portion to the proximal portion. 25 

19. A process for making a guidewire with a flexi- 
ble distal end for use with catheters or the like 
comprising the steps of: 

a. burnishing one end of a wire made of a 30 
kink resistant material to create a rounded 
distal tip; 

b. cutting a predetermined pattern of axially 
spaced grooves in a predetermined length 

of wire adjacent to the distal tip to create a 35 
flexible portion with first and second ends, 
wherein the second end is adjacent to the 
distal tip; 

c. coating the guidewire with a material to 
increase the mobility of the wire; and 40 

d. plating the distal tip with a radiopaque 
material to enable the guidewire to be view- 
ed on an x-ray while in the body. 

20. A process for making a guidewire according to 45 
claim 19, wherein the guidewire is coated by 
dipping the guidewire in liquid polyethylene to 
create a plastic jacket over the guidewire; and 
dipping the guidewire with the plastic jacket in 

a hydrogel solution. - 50 
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FIG. 6 
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